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We have induced photoallergic contact dermatitis in 
mice to 3,3',4',5 tetrachlorosalicylanilide (TCSA), chlor
promazine and 6-methylcoumarin. These compounds are 
known to produce photoallergic contact d ermatitis in 
humans. The photoallergic contact dermatitis reaction 
in the mouse is immunologically specific viz. mice pho
tosensitized to TCSA react, by photochallenge, to that 
compound and not to chlorpromazine, and conversely. 
The reaction requires UV A at both sensitization and 
challenge. It appears to be T-cell mediated in that it can 
be passively transferred to syngeneic mice by lymph 
node cells fTom actively sensitized mice, the histology of 
the reactions resembles that of classic allergic contact 
dermatitis in mice, challenge reactions are seen at 24 but 
not at 4 hr, and photoallergic contact dermatitis can be 
induced in B-cell deficient mice. The availability of a 
mouse model for the study of photo-ACD will facilitate 
the identification of pertinent control m echanisms and 
may aid in the management of the disease. It is likely 
that a bioassay for photo allergens of humans can be 
based on this mouse model. 

It is generally believed that photoallergic contact dermatitis 
(photo-ACD) is an immunologic response of delayed-type hy
persensitivity [1-3]. This view has evolved primarily from clin
ical observations of sensitized patients and from limited exper
imental work involving the induction of photosensitivity in 
guinea pigs and humans. These studies have emphasized the 
clinical and histological similarities between photo-A CD and 
classical allergic contact dermatitis [2). 

Objective experimental evidence for the role of immunologi
cal mechanisms in photo-ACD is ljmited. Indeed, the existing 
evidence has been criticized [4). The mechanisms by which 
ultraviolet radiation (UVR) provokes the response is uncertain , 
although it has been postulated that photon absorption by the 
sensitizer and the ensuing photochemical reaction are somehow 
responsible for the formation of the haptene or immunogen 
[5]. Several other explanation for the role of UVR have been 
suggested [4]. 

In a limited study, Harber and Shalita reported the successful 
passive transfer of photocontact sensitivity to TCSA (3,3 ',4' ,5 
tetrachlorosalicylanilide) with peritoneal exudate cells from 
actively sensitized Hartley guinea pigs to 3 of 5 naive Hartley 
guinea pigs [6]. Herman and Sams observed that peritoneal 
exudate cells derived from guinea pigs putatively photosensi
tized to TCSA fail ed to migrate in the presence of a TCSA
albumin conjugate prepared by exposing an aqueous solution, 
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that contained both TCSA and albumin, to UVR [7]. Irradiated 
TCSA or inadiated albumin alone failed to give this effect, 
These findings suggested that the production of macrophage 
inhibitory factor (MIF) by sensitized cells was a specific re
sponse. 

The aim of the present investigation was to develop a simple 
animal model suitable for studying the basic mechanisms gov
erning photo-ACD. We shall describe the production of photo
ACD in the mouse and provide evidence that it is a reaction of 
delayed-type hypersensitivity (DTH). The mouse provides an 
advantageous experimental model since its immunological and 
genetic pal'ameters are very well defined . In addition during the 
past several years, the regulatory mechanisms controlling t he 
induction and expression of classical all ergic contact dermatitis 
have been under in tensive study in the mouse; t hus, there is a 
large data base dealing with the regulation of murine ACD 
[8-11.). The results of studies of photo-A CD in a mouse model 
can be compared with these results, 

MATERIALS AND METHODS 

UVR Sources 

The UVB source was a bank of foUl' FS-20 sunlamp flu orescent 
tubes. These bulbs emi t a continuous spectrum extending from about 
280 nm to 380 11m, with a peak at ru'olll1d 313 nm. A bank of 4 
flu orescent. blacklight tubes (F-20 BL) served as the mai n source of 
UV A energy. The spectrum extends from 300 nm to about 400 nm, 
peaking at 360 nm. Irradiance was measUl'ed with cali brated cosine
corrected photodiode-type detectors using a n In te rnational Light model 
IL700 research radiometer. For UVB, a model SEE-240 detect.or 
equipped with an in terference fil te r with spect:ral response from 270 to 
320 nm (peak response at 297 nm) wa u ed. T he UV A det.ector was a 
model SEE-OlO photodiocte wi th a spectral response from 300 to 400 
nm (peak response at 365 nm) . UVB i.rradia nce at skin level was 0.36 
mW/cm~ and UVA irradiance 1.44 mW/cm~ . 

Mice 

CBA/ J , Balb/ c, C57BI/6 and DBA/ 2 mice were purchased from the 
J ackson La boratory (Bal' Hal'bor , Maine). ICR outbred albino mice 
were purchased from the Insti tute for Cancer R eseru'ch (Fox Chase, 
PAl. C57BI/ 6 x CBA/ J F-1 mice were bred f1'om stock secured from 
the Jackson Laboratory: breeding pa irs were set up in individual cages 
in our animal room. 

All mice were housed in plastic cages with wood shavings for bedding. 
In t.he case of the breeding pairs, cages were individually covered with 
glass wool bonnets; t his practice was usua lly, but not a lways, fo llowed 
wi th the other mice. T he mice were fed fresh Purina Mouse Chow and 
had unlimited access to ac idified wate r (pH about 3.0) . Antibiotics were 
not used. The mouse colony was kept in a temperatu re-controlled, 
light -cycled room with care conforming to NIH guidelines. 

Chemica.ls 

TCSA (3,3',4 ',5 tetrachlorosalicylanilide) was secured from H excel 
Fine Organics (Lodi, NJ) ; Chlorpromazine was obtai ned fro m Smith 
Kline and French (Ph iladelphia); 6-methylcoumaJ'in was a gift from Dr. 
D . L. Opdyke of the Hesearch Institu te of Fragrance Mat.erials, and 
Sodium Omadine was obtained from Olin Mat hieson Chemica l COJ'po
rat ion (N ew York, NY) . T he vehicle for all of the photoallergens was 
a solution consisting of 4 pruts acetone a nd J part corn oiL A preparation 
of heat-killed C. pa.rVlU/I, originating from cu ltures derived from strain 
# 11827 of the American Type Culture Collection, was a gift from Dr. 
Irving Millma n (Fox Chase Cancer Center, PAl [12" Cyclophospha
mide was purchased from Sigma Chemicals (St. Louis). 
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B -cell Defi cient Mice 

C57Bl/6 x CBAN mice were rendered B -ceU deficient by the cl1l'0nic 
administration, beginning within 24 hr of birth , of a goat antisera 
directed against mouse IgM [13,14]' Mice so treated were deemed B
cell deficient by the following criteria: (1) as de termined by precipitation 
in gel, their serum lacked mouse IgM and contained goat anti -mouse 
IgM, (2) by direct immunofluorescence, all of their spleen cells a nd 
their lymph node cells lacked surface immunoglobulin, in contrast to 
the spleen cells and lymph node cells of normal mice which had a 
substantial proportion of theu' nuclea ted ce lls with surface immuno
globulin, (3) their spleen cells failed to respond in cu lture to the B-cell 
mitogen LPS but did respond normally to the T -cell mitogen Con-A, 
and (4) in contrast to normal mice, who developed high titers of specific 
antibody, they failed to make any detectable a ntibody response to 
sheep red blood cells (hemagglu tination, hemolysis in gel) or to DNP
Keyhold Limpet Hemocyanin in Freund's complete adjuvant (radioim
mune assay using Protein A and, as a ntigen, DNP-human serum 
albumin). These findings relat ive to the B-ceLl deficient mouse model 
accord with the reports fTom other la boratories that use mice made B
cell deficient in the same way [15,16]' 

Photosensitization 

The mice were anesthetized with pentobarbital and fixed in place by 
taping their feet to a wooden board. The photoallergen was pipetted 
onto a clipped site on the flank and the site irradiated 30 minutes la ter 
with UVB (0.1 joules/per cm2

) followed by UV A (5 joules/per cmi
). 

During the UVR (UVB, UVA) exposure, the ears of the mice were 
protected with several layers of paper toweling. 

Challenge was done in the fo llowing way. The mice were anesthetized 
with pentobarbital and a baseline reading taken of the thickness of 
their test ear using an engineer's micrometer bearing a racheL. Then, 
0.1 ml of test chemical was a pplied and the ears exposed to UVA (5 
joules/cm2

). Readings were made a t 24 and 48 hr of the thickness of 
the test ears from the experimental mice, a nd from control mice tested 
in parallel. (In a few cases, 4-hr readings were taken; however, this was 
not done routinely since the procedure of measurement of ear th ickness 
the same day as challenge was too stressfu l and resutted in considerable 
morbidity and some mortality of the test mice.) The methodology is 
essentially that used. by many investigators for the study of classical 
ACD in mice, the variations introduced being those required for the 
activation of the process by ul traviolet lighL. 

Passive Transfer of Photo-A CD 

Donor mice were sensitized by a single application of 0.01 ml of 1% 
TCSA in a 4:1 solu tion of acetone:corn oil to each of theu- 4 clipped 
dorsal quadrants followed, 30 min later, by irradiation of the sensitiza
t ion site with UVB (0.1 joules/cmi ) and UVA (5 joules/em"). This was 
repeated Day 1, a nd, additiona lly C. pa/'vum. (30 /lg) was injec ted 
in t radermally into a rear quadrant. The C. pa/'vum immunoadjuvant 
was utilized so as to have more strongly sensitized oonors. Foul' days 
later the mice were sacrificed and the lymph nodes dra ining the foul' 
sensitization sites were removed and a single ceU suspension of lymph 
node ceUs made in RPMl media containing 10% fetal calf sera. Red 
blood cells were lysed with ammonium chloride and the cell suspension 
washed 3 times. A cell count was made, utilizing trypan blue uptake to 
identify nonviable ce LIs. R ecipient mice wel'e inj ec ted via taU vein with 
the cells and eru- tested for photo-ACD 1 hI' later. 

Histology 

Ear specimens ii'om experimental and control mice, secured a t the 
te rmination of particular experiments were preserved in 10% buffered 
formalin and processed to hemotoxylin-eosin slides by routine proce
dures. 
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Statistics 

The significance of differences between study groups in particular 
experiments were analyzed by a one-tailed Mann Whitney U-test, p ;;;; 
0.02 being considered significant [17]. 

RESULTS 

Photosensitization to TCSA 

In a typical experiment, 2 groups (I and II) of 6 ICR mice 
were injected intraperitonealiy with cyclophosphamide (150 
mg/ k) on Day -3. On Day 0 and Day 1 these animals were 
photosensitized to TCSA and, along with 2 groups (III and IV) 
of control animals, were ear-challenged on Day 7. Readings of 
the challenge sites were made at 24 and 48 hr. The protocol 
and results are shown in Table 1. Specimens from challenge 
reactions of representative mice were taken for histopathologi
cal study after the 48-hr measurements (Figure). A comparison 
of Groups I and II demonstrate that UV A at Day 7 challenge 
is necessary to elicit the photosensitivity; 1 of the 6 mice in 
Group II had increased ear thickening with TCSA challenge 
alone (11 units at 24 hr, 9 units at 48 I1r) suggesting classic 
sensitivity to TCSA in that animaL In Table I, the s lightly 

FIG L Photo-ACD was induced in ICR albino mice as outlined in 
Table I. The histology of a typical 48-hr reaction from a Group III 
control mouse (Fig lA) and from a Group I experimental mouse (Fig 
IB) ru'e shown . The TCSA photo-ACD reaction at 48 hI' shows edema 
and a dermal infiltrate consisting mainly of lymphocytes and hislio
cytes. A, 48-hr reaction, Group III, control mouse. B, 48-hr reaction, 
Group I experimental mouse. 

TABLE 1. Photosensitization /,0 TCSA requires UVA at challenge 
G roup Day 3 DayO Duy I Day 7 Dny 8 Day!) 

(6) r Cy TCSA TCSA TCSA-UVA ·15.9±4.2 12.8 ± 6.8 
+ + 

(6) II Cy UVB-UVA UVB-UVA TCSA 2.5 ± 1,4 1.7 ± 0.8 
(6) 1II TCSA-UVA 3.2 ± 3.9 2.5 ± 3.2 
(6) IV T CSA 0.8 ± 0.8 0.2 ± 0.4 

Two groups (I and II) of 6 ICR femate mice received cyclophosphamide (150 mg/k IP) on Day -3 a nd were sensitized by the application of 0.02 
ml of 1% TCSA, followed in 'Ii hr by UVB-UVA to the skin of the left fl an k on Day 0 a nd Day 1. These mice and 2 toxicity control groups (III Hnd 
[V) were challenged on the left eru' on Day 7 as follows: Groups II and IV with 1% T CSA a lone; groups I and III with 1% T CSA followed in \" hr 
by UV A. The increase in car thickness in mm X 10 2 ± SD is shown for each group at 24 and 48 hI'. 

Group 1 > Group III, p < .001 (24 hI' readings). 
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larger reactions in Group III as compal'ed with Group IV 
toxicity controls may represent the phototoxicity of TCSA; 
however, t he difference was not statistically significant. 

The histology of the 48-hr reactions from a representative 
a nimal of Group I and of Group III are shown in the FigllJ·e. 
The histopathology is consistent with a llergic contact derma
titis induced in mice with strong contact a llergens such as 
DNFB (dinitrofluorobenzene) without ultraviolet light [18]. 

Photo-ACD to TCSA could a lso be induced in inbred mice, 
although the sensitivity tended to be somewhat less int.ense 
than that seen in the ICR albino mice. For instance, in one 
experiment, CBA/J male mice were treated with cyclophospha
mide (150 mg/k IP) on Day -3 and photosensit ized with TCSA 
on Day 0 and Day 1. These mice, and a group of toxicity control 
mice were challenged on Day 7 with TCSA followed by UV A. 
Readings were made at 24 hI' and 48 hr, and the challenge sites 
excised in 2 representative a nimals fTom each group after the 
48 h1' reading. The results are shown in Table II. We had 
comparable findings with the induction of photo-ACD to TCSA 
in Balb/c, C57Bl/6, C57Bl/ 6 X CBA/J, and DBA/2 mice. The 
histology of the photo-ACD reactions was comparab le to that 
found in the ICI photosensitized mice. Successful photosensi
tization a lso requires UVR at the time of sensitization. In a 
typical experiment, different groups of ICR a lbino mice were 
putatively photosensitized to T CSA wi th and without further 
UVR. Only t hose mice that received UVR after allergen gave 
significant reactions at photochallenge. The protocol and results 
of this experiment are set down in Table III. 

Induction of Plwto-ACD to 6-Methylcolllnarin and to 
Chlorpromazin e 

A group of 7 female ICR mice were clipped on the right fl ank 
a nd 0.02 ml of 1% 6-methylcoumarin in absolute alcohol was 
applied. Thirty minutes later the· sensitization site was exposed 
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successively to UVB (0.1 joules/cm2
) and to UVA (5.0 joules/ 

cm2
). Day 1 the sensitization site was again treated with 6-

methylcoumarin followed by UVR and the mice given 30 f-Lg C. 
parUlan intradermally into the sensitization site. A toxicity 
control group was similarly injected with C. parvum but not 
given photoallergen or UVR On Day 6 both groups were 
challenged on the left ear with 1% 6-methylcoumarin in alcohol
corn oil (4:1) and the challenge site irradiated II ! hour later with 
UVA (5.0 joules/cm2

) (Table IV) . Mice with a prior sensitizing 
exposure to 6-methylcoumru'in and UVR showed significant 
reactions at photochallenge whereas toxicity control mice did 
not. 

In several separate experiments, we photosensitized mice to 
chlorpromazine. In one such experiment, C57Bl/6 X CBA/ J 
mice were sensitized on Day 0 and Day 1 to TCSA or to 
chlorpromazine by the application of 0.02 ml of either- 1 % TCSA 
or 1% chlorpromazine to the left flank followed 30 min later by 
exposure to UVR as stated previously. Challenge was made on 
Day 6 with both compounds fo llowed by exposure to 5.0 joules/ 
cm2 UV A, the left ear being t.ested with 1% TCSA and the right 
with 1% chlorpromazine. Readings were made in the usual way 
at 24 l1l' and 48 hr. The specificity of the photosensitization was 
demonstrated; animals photosensitized to TCSA and tested 
with both compounds reacted just to the TCSA phototesting; 
whereas, those mice putatively photosensitized to chlorproma
zine reacted only to photochallenge with that compound (Table 
V). In other experim ents (not shown) with ICR mice, a sub
stantially more intense photoallergic contact sensitivity to 1% 
chlorprom azine was induced with the same protocol. 

Passive Transfer of Photocontact Allergy 

Photo-ACD to TCSA could be transferred with regiona l 
lymph node cells from sensitized mice to naive mice of the ame 
strain. The results of a typical experiment utilizing Balb/c mice 

TAI3Lr, II . Photosensitization of CBA / J mice to TCSA 

Group Day - 0 Day 0 Da~' I Day 7 Oa~' S Oa~' 9 

Cy 150 mg/ k TC. A T CSA T CSA 12.0 ± 2.3 5.0 ± 0.6 
+ + 

UVB-UVA UVB-UVA + 
II UVA 1.3 ± 0.8 0.3 ± 0.5 

Group l, consisting of 6 CBA/ J male mice were treated with cyclophospham ide 150 mg/ k 1P on Day -3 Il nd sensitized by the applicat.ion of 
0.02 ml of 1% TC. A to a skin site on the left fl ank, followed in '12 hI' by UVB then UVA, on Day 0 anci Day 1. hallenge was made to these mice. 
as we ll as to 6 toxicity control mice (Group II ), on the 'ar with 1 % TCSA fo llowed by UVA. T he 24-hr and 48-hr read ings representing increase 
in ear thickness over baseline (mm x 10 ") ± SO in each group a re shown. 

TAlILE Ill. Photo-ACD to T CSA requires UVA al sensit ization 

G roup OilY - 3 O,lY 0 Ony I Day 7 Oay 8 Oay 9 

I Cy TC A TCSA T CSA-UVA 2.3 ± 1.0 2.0 ± 0.5 
11 Cy TCSA TCSA T A-UVA 9. ± 1.7 8.0 ± 1.3 

+ + 
UVB-UVA UVB-UVA 

1JI Cy T CSA-UV A 2.3 ± 0.7 1.5 ± 0.3 

Three groups of 6 lCR female mice received cyclop hosp ha mide (Cy, 150 mg/ k 1P) on Day -3. Groups l and II received epiclItaneously 0.02 ml 
of J% T CSA on the skin of the left flank on Day 0 a nd Day 1; Group II mice were given, in addition, UVB-UVA '12 hI' after each application. All 
mice wcre cha llenged on Day 7 with 1% TCSA followed in Y, hI' by UVA. The increase in ear thickness in mm X 10 " ± SO is shown for each 
group al 24 hI' and 48 hr. 

Group ll > Group I , p < .001 (24 -hr readings). 

TABLE IV. Photosensitization to 6- lII ethylcoLimarin 

Gmup OayO Day I Day G Day 7 DfI .v 8 

6-MC 6-M 6-M 4.4 ± 1.4 5.6 ± 1.6 
+ + + 

UVB-UVA UVB-UVA UVA 
LI 0.7 ± 0.8 0.7 ± O. 

Fourteen I R mice were divided inlo 2 groups. Group I mice re eived 0.02 ml of 1% 6 methylcouma rin to an area on the flank, followed by 
UVB (0. 1 J / CllI ' ) a nd UVA 5 J/ Cll1' ) on 2 successive dHYs. On Day 6, these mice, HS well as untrea t ed mice of Group III, weI' tested .on t he left 
ear with G-methylcoumarin (0.01 ml, 1%) followed by UVA (5 J / cm2

) . 6-MethylcoumHrin (0.01. 1%) was applied to the right ear immedIately nfter 
the UVA. The average increase in left ear thickness (111m x LO- ' ) of each group ± the standard deviat ion is shown. The increases 111 thickness of 
the right car for Group I at 24 hr llnd 48 hI' were 0.4 ± 0.8 a nd 0.6 ± 0.5: the comparable readings in Group II were 0.3 ± 0.5 and 0.3 ± 0.5. 

Group I > Group ll. p < .001 (left cars), at 24 hr. 
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TABLE V. Specificity of photosensitization to T CSA and to chlorprom.azine 

Croup Day 0 Day I Day 6 

TCSA+ UVR T CSA + UVR T CSA-UVA 
and 

II CPZ + UVR CPZ + UVR CPZ-UVA 

Day 7 
T CSA-UVA 

8.0 ± 3.6 
(9.4 ± 4.4) 
0.7 ± 1.0 

(0.3 ± 0.8) 

CPZ-UVA 

0.9 ± 1.6 
(1.6 ± 1.9) 
3.2 ± 1.3 

(4.3 ± 1.4) 

T hirteen CBA x C57Bl/6 mice were divided into 2 groups. Group I had applied 0.02 ml of 1% TCSA to the skin on the fla nk, followed in 30 min 
by UVB and UVA, on Days 0 a nd 1. Group II mice were treated in para llel with 1% chlorpromazine (CPZ) followed by UVB and UVA on Day 
o and Day 1. On Day 6 these mice were challenged with 0.02 ml of 1% TCSA on the left ear and 1% chlorpromazlIle on the rt?ht ear and 1/2 hour 
later, both ears were irradiated with UVA. The average increase in thickness of the left and right ears, ± the standard devIa tion, at 24 hr a nd 48 
hr ( ) is shown. . 

For TCSA-UVA challenge, Group I > Group 11, p < .001; for CPZ-UV A cha llenge, group II > Group 1, p < .017 (24-h1' readlllgs). 

TABLE VI. Passiue transfer of photo-A CD to TCSA in. Balble mice 

G roup Day -0 Day I Day 4 Day 4 Duy 5 Day 6 

1 TCSA-UVR TCSA-UVR, C. paruum Cell donor 
II TCSA-UVR TCSA-UVR, C. paruum TCSA-UVA 15.3 ± 2.1 12.0 ± 1.4 
III Cells from I TCSA-UVA 6.6 ± 2.7 3.6 ± 1.3 
IV T CSA-UVA 1.5 ± 0.8 1.2 ± 1.0 

T hirteen Balb/c mice were given 0.01 ml of 1% TCSA to the skin of each dorsa l quadrant, followed by UVB-UVA, on Day 0 a nd Day LIn 
addition, t he mice received 30 flg of C. paruum in tradermally into one sensitization site on Day I . Day 4, nllle of the aC~lve l y sens~tl zed m~ce 
(Group I) were sacrificed and a pool made of their regional lymph node ce lls. Each of 5 naive recip ient Balb/c (Group III) mIce were IIlje.cted WIth 
10· cells intravenously and ear tested Y, -hour late r with 1% TCSA followed by UVA (5 J /c m2

) . Four posItive controls (Group II) and 6 negatIve 
controls (Group IV) were ear tested in parallel. The increase in ear thickness (mm x 10- 2

) at 24 a nd 48 hr ± the standard deviation is shown. 
Group II > Group III, p < .008; Group III > Group IV, p < .009 (24-hr readings). 

TABLE VII. Photosen.sitization to TCSA of B cell deficient mice 

Group Day 0 Day I 

TCSA-UVR TCSA-U VR C. paruum. 

Day G 

T CSA 
+ 

Day 7 
TCSA-UVA (L) 

U .5 ± 2.3 

UVA-T CSA (R) 

2.5 ± 1.4 

II C. paruum UVA 2.5 ± 0.5 1.7 ± 1.2 

Six C57Bl/6 X CBA/J mice that had been rendered B cell defici ent (see Materia ls and Methods) received on the skin of the left nank 0.02 ml 
of 1 % TCSA fo llowed 1', hr later by UVB and UVA on Day 0 a nd Day 1. In addition, these mi ce as well as a fur ther group of 6 B-ce ll deficient 
control mice of the same strain, were given 30 flg of C. paruum intradermally into the skin of the left fla nk . Day 6~ both grou ps were cha llenged 
simultaneously on each ear with 1% TCSA, followed by (left ear) or preceded by (righ t ea r) UV A (5 J /c m' ). T he IIlcrease 111 ea r thIckness (mm 
x 10-2

) at 24 hI' ± the standard deviation is shown. 
Left ear: Group I > Group II, p < .001. 

are shown in Table VI. Balb /c mice were photosensitized on 
Day 0 to TCSA by the application of 1% TCSA to each of four 
dorsal clipped quadrants followed by UVR (UVB + UV A). This 
routine was repeated on Day 1 and at that time 30 IJ.g of C. 
pa.rvum injected intradermally into one of the sensitization sites 
in each mouse after the UVR exposure. On Day 4, nine of the 
actively sensitized mice were sacrificed, the draining lymph 
nodes of the 4 quadrants excised and made into a cell suspen
sion. 108 nucleated, trypan blue excluding, cells contained in a 
volume of 0.5 mJ was injected intravenously into each of five 
recipients. One-half ill later these recipients as well as groups 
of toxicity control and actively sensitized mice were tested for 
photosensitivity to TCSA on the left ear. The results are shown 
in Table V. T he donor animals were well-sensitized (Group II). 
Substantial sensitivity was also evident in the mice recipients 
of lymph node cells from the actively sensit ized mjce (Group 
III). Challenge sites were taken at 48 hI' from representative 
mice in each of the 3 groups. The histological findings were 
consistent with those described for the passive transfer of 
allergic contact dermatitis in mice and in other animals. A 
single attempt to transfer with viable lymph node celis, photo
ACD to TCSA from Balb/c mice (H_2D) to CBA/J mice (H-21<) 
fai led completely. 

Induction of Photoconta.ct Hypersensitivity in. B -Cell 
Deficien.t Mice 

A group of B-ceU deficient mice were photosensitized to 
TCSA. These mice as well as a further group of six naive B-cell 
deficient mice were challenged on the ear with 1% TCSA 
followed by UV A. T he results of this experiment are outlined 

in Table VII. B-cell defi cient mice could be readily photosen
sitized to TCSA. 

DISCUSSION 

In experiments described herein we have demonstrated that 
mice can be photosensitized to TCSA, chlorpromazine, 6-meth
ylcoumarin and, in preliminary findings, to sodium omadine. 
Clinically, all these chemicals ar e regarded as photocontact 
allergens. TCSA, which was once incorporated in soap as a 
germicide, was responsible for a remaxkable epidemic of photo
ACD involving thousands of individuals in England twenty 
years ago. Because of its photosensitizing properti es, its use was 
abandoned [19-21]' More recently, 6-methylcoumarin, which 
was widely used as a fragrance in a variety of topical prepara
tions, was banned by the FDA from suntan preparations be
cause it caused photo-ACD in a significant number of people 
[22,23]. The photosensitizing potential of TCSA, chlorproma
zine and 6-methylcoumarin has been clearly demonstrated in 
huma ns by the "photomaximization" test [24]. Using this same 
experimental procedure, sodium omadine produced photocon
tact sensitivity in 6 of 25 tested volunteers (unpublished ob er
vations). 

P rospective tests to identify photoallergic contact aUergens 
have been proposed in humans and in the guinea pig [24-26]. 
The photomaximization test in humans appears to give results 
concordant with clinical experience. However, clearly it would 
be advantageous to do at least a preliminary screening of 
compounds for photoallergenicity in experimental animals. In 
addi tion, for a systematic study of the immunology of photo
ACD a genetically defined animal model is preferred; maneu-
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vel'S, such as adoptive transfer, are more or less precluded in 
huma ns. Prospective testing of photoallergens has been done 
by several groups in the guinea pig. In a large-scale effort 
d ealing with the phototoxicology and photoallergenicity of test 
compounds in the guinea pig, Malll'er, Weirich, and Hess uti
lized complete Freund's adjuvant and multiple photosensitizing 
exposures of the chemical to induce sensitivi ty. In general, t hese 
investigators succeeded in iden tifying photocontact allergens of 
humans in the guinea pig. However, a curious lacuna was 6-
m ethylcoumarin; in their test system, it was negative [27]. In 
the human photocontact allergy assay system, 6-methylcou
marin was a strong photocontact allergen, indeed, stronger than 
T CSA [24]. Recently, Ichikawa, Armstrong, and Harber re
ported that they had succeeded in sensitizing gu inea pigs to 6-
m ethylcoumarin by the addition of complete Freund's adjuvant 
to their sensitizing protocol [28]. Thus, it would appear from 
these preliminary studies that the mouse model may be at least 
an equally sensitive system for identifying potential photocon
tact a ll ergen of huma ns. 

What mechanisms are involved in photoallergy') Clearly the 
specificity of the reaction is changed by UVR. That the UVR 
must be given after, and not before allergen (e.g., Table VII), 
implies that its effect is that of photoactivation of the allergen 
and not merely that of a nonspecific initant leading (say) to 
increased skin penetration of the allergen. Currently, one of our 
most important toxicity controls involves a double ear cha ll enge 
in each test a nimal viz. allergen then UV A for one ear and UV A 
then allergen for the otheJ'. Very occasionally a weak sensitizer, 
such as TCSA, will give a single positive reaction in a group of 
test mice, as in the experiment outlined in Table 1. Strong 
classical contact allergens such a DNFB or oxazolone sensitize 
essentially all mice in this system; however , in our experience 
(unpublished) relatively weak allergens such as formalin, picric 
acid 01' T CSA a re generally non-sensitizing. Our experiments 
do not indicate how UVR renders the photoallergen allergenic, 
only that it does. In particular, on the basis of our present work 
we cannot decide whether UVR changes the photoaLIergen to 
a classical allergen, whether i't facilitates the binding of pho
toallergen to carrier protein or whether one or more other 
mechanism is involved [1 ,29]. Solution of this problem is for 
the fu ture. 

Stephan Epstein was the first to suspect that photosensitivity 
could be immunologically mediated [30). He made t his obser
vatio n following a photosensitization experiment in which he 
induced photoreactivi ty in human volunteers by the intrader
mal injection of sulfanilamide followed by UVR. It is interesting 
that in the human photo-maximization test, which employs 
exclusively the topical administration of presumptive allergen, 
sulfanilamide was scored as a nonphotosensit izer [24). The 
photosensitizing potential of 'some systemically administered 
drugs may therefore not be detected with epicutaneous testing. 

The experiments of Sams (vide infra) appeal' to show an in 
vitro correlate of in vivo photo-ACD [3). The passive transfer 
of TCSA photo-ACD in guinea pigs and the demonstration of 
an in. vitro response of peritoneal exudate cells from TCSA
photosensitized guinea pigs to a TCSA-albumin-UVR-reacted 
complex provides evidence that photo-ACD is a delayed-type 
hypersensitivity analogous to conventional ACD [3,6). How
ever, it is curious that albumin was a successful carrier protein 
for the photoa llergen TCSA in the in vitro test, since with 
classical 'ontact allergens, there is strong evidence that the 
sensitizer conjugates with proteins on the surface of Langel' hans 
cells and that these cells function as antigen-presenting cells 
[31]. Guinea pigs contact sensitized to DNCB do not react to 
DNP-albumin [32]. Hats and mice have been used for the study 
of photo toxicity; up to now, investigations dealing with photo
ACD in these species have been lacking [26). 

Ultraviolet light has been shown to be uniquely toxic to 
Langerhans cells and to other antigen presenting cells [33,34]' 
Yet photoa ll ergic reactions occur. In one study, there was a 
delay of at least 12 hr between UVB exposure a nd the loss of 
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the surface markers of Langerhans cells (35). This interval may 
be sufficient for the antigen presentation of photoallergens, or, 
perhaps, other mechanisms may explain the failure of ultravi
olet ilTadiation to prevent the induction of photoallergy. Ex
periments such as pre-irradiation of the sensitization site, 
should help to clarify this issue. 

During the past 12 yr studies of classical contact allergens in 
the mouse have provided us with an enormous amount of 
fundamental information concerning the irnmunoregulation of 
cell-mediated hypersensitivity. The model of photo-ACD in 
mice that we propose is a variant of that which is standard for 
the study of ACD in mice to classical contact sensitizers such 
as DNFB and oxazolone. Operationally, the additional steps 
requ ired for the induction and challenge aTe the irradiation of 
the sensitization site with UVR and of the challenge site with 
UV A. Although in the experiments reported herein we have 
utilized UVB during induction, preliminary experiments suggest 
tha t irradiation with UV A alone is sufficient . This would agree 
with the findings of Horio that photo-ACD can readily be 
induced in guinea pigs using UV A without UVB if the sensiti
zation site is pretreated with an irri tant such as sodium lamyl 
sulfate [36). 

We were able to photosensitize inbred as well as randomly 
bred mice. This allows for investigations into regulatory mech
anisms of photo-ACD that are modeled after the now classical 
studie that utilize immunogenetic manipulations of conven
tional ACD to strong allergens in mice. 

The clinical couJ'se of photo-ACD in the mouse is that of a 
delayed-type hypersensit ivity reaction viz. t he challenge reac
tion is negligible at 4 hrs. (data not shown) and significant at 24 
and 48 hr. The histology of the challenge reactions are con
sistent with those of allergic contact dermatitis to conventional 
contact all ergens in the mouse. To examine the role of B cells 
and B cell products in the reaction of photo-ACD, we used mice 
that had been rendered B cell deficient by the chronic admin
istration from birth of a goat anti-sera directed against mouse 
IgM. This model of the B-cell deficient mouse has been used 
in our own and in other laboratories in different contexts 
[13-16). We found that B-ceU deficient mice can be readily 
photocontact sensitized to TCSA. T his implies that the speci
ficity for the photocontact allergy is given by a population of l' 
cells. Supporting this notion, we fo und that adoptive transfer of 
photo-ACD was readily accomplished from actively sensitized 
Balb/ c mice to naive Balb/ c mice utilizing regional lymph node 
cells. These resul ts parallel t he passive transfer of conventional 
ACD in mice and guinea pigs [37,38]. The subpopulation of 
lymphoid cells responsible for the transfer of photo-ACD re
mains to be chal'acterized. In a single attempt, we failed to 
transfer photo-A CD h'om Balb/ c (H_2D) to CBAjJ (B-2") mice. 
Transfer of standard ACD in mice requires H-2 compatibility 
[39). 

Killed C. parvum injected in to the sensitization site heightens 
the acq ui ition of photo-ACD in mice (data not shown) . We 
have had a similar experience with the immunopotentiation of 
conventional ACD by C. parvtan in mice, rats. hamsters and 
guinea pigs [40-4.2]. Cyclophosphamide pretreatment is widely 
used for the inm1unopotentiation of conventional ACD in mice 
and other species [43,44). We routinely llsed cyclophosphamide 
as an immuno-adjuvant in our early experiments with photoal
lergens in mice. However, it must be emphasized that substan
tial photoallergy in mice can be induced without the use of 
immunopotentiators (see Tables IV and V). In some cases, 
where more strongly sensitized animals are desired, as in the 
case of donors for cellular transfer experiments (Table VI), an 
immunological adjuvant is a convenience. Further, it may be 
that iml11unopotentiators al'e required for the induction of 
photo sensitization with relatively weak photoallergens, Just as 
they are requ ired in many bioassays for the id~ntification of 
weak classical contact sensitizers in the guinea pIg [45]. 

In summary, we have established a mouse model for photo
ACD. This model should be useful for determining the mech-
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anisms that regulate photo-ACD. In addition, t he mouse may 
prove to be a propel' test animal for the bioassay of puta tive 
photocontact allergens of humans. • 
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